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P R O C E E D I N G S  - - - - - - - - - - -  
M R ,  BONNEY: Very s imply ,  ladies ansl gentlemen, w h a t  

t h i s  is gc ing  t o  be is a press s e s s i o n  on t h e  m c h a n i c s  of 

space f l i g h t ,  We are n o t  going t o  t a l k  about specific pro- 

jects,  b u t  w e  are going t o  t r y  t o  present some of t h e  basic,  

fundamentals and w e  w f l l  have t w o  of o u r  s c i e n t f s t s  g i v i n g  

t h a t  p r e s e n t a t i o n  i n  about  a half-hour per iod,  

Then w e  w i l l  open t h e  t h i n g  up  for q u e s t i o n s  and 

answers, None of t h e  speakers  a n t i c i p a t e  t a l k i n g  about  any  

p a s t ,  p re sen t  o r  a n t i c i p a t e d  space programs, We expect no 

hard  news o u t  of t h i s ,  but  eve ry th ing  t h a t  w i l l  be sa id  w i l l  

be on t h e  record and may be fo r  a t t r i b u t i o n .  

The speakers are N e w e l l  Sanders ,  H o m e r  N e w e l 1  and 

Jack Clark, I w i l l  g i v e  you t h e  f u l l  names, I t  is H o m e r  

E ,  N e w e l l ,  Jr, H o m e r  is A s s i s t a n t  Director f o r  Space 

Sc ience ,  I t  is N e w e l l  D, Sanders ,  H e  is A s s i s t a n t  Director  

f o r  Advanced Technology, The t h i r d  gentleman is John F ,  

Cla rk ,  who is Chief of our Ionosphere Program, John will 

n o t  be making a formal p r e s e n t a t i o n ,  a s  I understand it, 

b u t  w i l l  be p a r t i c i p a t i n g  i n  t h e  ques t ion  and answer period, 

One o t h e r  t h i n g :  If t h e  whole operation gets  

too  t e c h n i c a l  or you g e t  l o s t ,  t h r o w  i n  a ques t ion  from 

t h e  f l o o r  as w e  go a long ,  b u t  l e t ' s  t r y  t o  keep those b r i e f ,  

Let's t r y  t o  keep m o s t  of t h e  ques t ions  for t h e  ques t ion  
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and a a s w e r  period $hat w i l l  follow the formal p r e s e n t a t i o n ,  

These gentlemen are a l l  Pro= NASA. 

QUESTION: W i l l  t h e r e  be a t ranscr ip t?  

MR. BONNEY: W e  expec t  it w i l l  be a couple  or 

three days before w e  have cop ie s  of it. T h i s  is so t h e s e  

g e n t l e m e n  c a n  clean up t h e i r  remarks a l i t t le b i t  and 

p u l l  some of % h e  "oohs" and  "aahs" ou t  of i t ,  

QUESTION: Do you have a n y  more envelopes w i t h  

t h e  handouts? 

BAR. BONNEY: They have noth ing  t o  do wi th  t o d a y q s  

presentat ion.  We w i l l  g i v e  you those a t  t h e  end of t h e  

sess ion  

H o m e r  N e w e l l  w i l l  be t h e  first speake r ,  4Ir. N e w e l l ,  

MR. NEWELL: Thanks, Walt. 

Ever since 1945, as you are w e l l  aware, t h e  United 

States  has been u s i n g  rocke ts  f o r  s tudy ing  t h e  ear th ' s  

atmosphere. These rockets w e  c a l l  sounding rockets, and 

fo r  t h e  purposes  of now and i n  t h e  f u t u r e ,  I would l i ke  t o  

propose a d e f i n i t i o n  of sounding rocket, 

L e t  u s  s a y  t h a t  by sounding rocket we mean a 

v e h i c l e  t h a t  goes o u t  to o n e  earth 's  r a d i u s ,  o r  u p  t o  

t h a t  d i s t a n c e .  Thus, when w e  t a l k  about  space probes, 

then ,  w e  w i l l  mean v e h i c l e s  t h a t  go out  beyond t h e  d i s t a n c e  

of one e a r t h ' s  r a d i u s  from t h e  s u r f a c e  of t h e  e a r t h .  
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With the 

we have been a b l e  

sounding rockets over t h e  past 1 2  y e a r s  

t o  i n v e s t i g a t e  t h e  atmosphere of t h e  

e a r t h  and to s tudy  i t s  pressure ,  temperature,  dens i ty ,  

which a r e  important i n  t h e  des ign  of v e h i c l e s  that  go 

through t h e  atmosphere, e i t h e r  launching v e h i c l e s  f o r  

s a t e l l i t e s  o r  high a l t i t u d e  a i r c r a f t ,  and so on. 

We have been a b l e  t o  measure t h e  winds i n  t h e  

atmosphere and to s tudy  i t s  composition, both t h e  n e u t r a l  

molecules and atoms and the ions .  We have been a b l e  to 

measure t h e  magnetic f i e l d  of t h e  e a r t h  and t o  observe 

those  v a r i a t i o n s  i n  magnetic f i e l d  t ha t  a r e  a s s o c i a t e d  

with r a d i o  b lackouts  and, hence, a r e  important to under- 

s t and  i n  connection w i t h  communications. 

W e  have been able t o  measure the  ionosphere,  

which i s  t h e  reg ion  of our  atmosphere that  i s  e l e c t r i f i e d ,  

and, of course,  aga in  i s  important f o r  rad io  communications. 

We have been a b l e  t o  s tudy  t h e  aurora ,  t h e  

no r the rn  and southern  l i g h t s ,  and o t h e r  r a d i a t i o n s  from t h e  

upper atmosphere and make measurements of cosmic rays. 

A l l  of t h e s e  t h i n g s  t h a t  I have mentioned a r e  

In  a d d i t i o n  t o  a s s o c i a t e d  with the atmosphere i t s e l f .  

s tudying  t h e  earth's atmosphere, we have been a b l e  t o  peek 

out  i n t o  t h e  space about us t o  s tudy  t h e  sun by means of 

its r a d i a t i o n  and to ,  in f a c t ,  s tudy  t h e  stars not  on ly  i n  

~.. . . -. .- . .- -. . . .  . . - .  . . . .  . . . . . -. . . , ~ .... ~ . -.. . -. . 
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the r a d i a t i o n s  t h a t  w e  see a t  the ground, bu t  i n  terms of 

u l t r a v i o l e t  l igh t  and X-rays tha t  come t o  u s  from the stars. 

With advancing technology w e  can go beyond the 

s t u d i e s  t h a t  have been p o s s i b l e  wi th  sounding r o c k e t s ,  

are a b l e  t o  send up sa te l l i t es  t h a t  can go i n  o r b i t s  nea r  

t he  earth or i n  space probes that  go o u t  on long t r a j e c t o r i e s  

at g r e a t  d i s t a n c e s  from the  earth.  

We 

The de t a i l s  of the  mechanics of  c r e a t i n g  these 

sa t e l l i t e s  and g e t t i n g  these space probes o u t  i n t o  space 

i s  what Newel1 Sanders  w i l l  t a l k  t o  you about a l i t t l e  la te r .  

The ques t ion  t ha t  I would l i k e  t o  d i s c u s s  i s  what 

are w e  i n t e r e s t e d  i n  measuring and observing by means of  

the sa te l l i t es  and deep space probes? 

To begin w i t h ,  the  s c i e n t i s t ,  in h i s  usua l  l o g i c a l  

fash ion ,  would l i k e  t o  ask himself by means of h i s  i n s t r u -  

mentat ion the ques t ion  of  where does our  atmosphere r e a l l y  

end, and when i t  comes t o  an end, what does i t  wind up as? 

Does i t ,  for example, wind up as simply the  medium of 

i n t e r p l a n e t a r y  space,  j u s t  a f e w  p a r t i c l e s  per each cubic  

cent imeter ,  o r  does i t ,  as many people  think, wind up as 

p a r t  o f  t he  s u n ' s  atmosphere? 

You have a l l  seen pictures of the sun's corona 

as i t  appears  dur ing  a s o l a r  e c l i p s e ,  t h i s  great ha lo  

around the sun. 

o f  the  sun. 

This ac tua l ly  i s  p a r t  o f  t h e  atmosphere 
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Now, the ques t ion  is does that atmosphere r e a l l y  

ex-& all t h e  wag otft to t b e  d i s t a w e  of t h e  e a r t h ,  and 

are weezweleped i n  a cloud of par t ic les  t h a t  belong t o  

that -solar a A - ~ ~ ~ p l # m ?  

The second q u e s t i o n  t h a t  t h e  physicist would l i k e  

t o  ask is haw f a r  does our ionosphere ex-&endS We have i n d i -  

cat ions f r o m  rocket soundings and f r o m  ground-based masum- 

mats t h a t  there is a c ~ ~ s i d e r a b l e  amount of charged matter 

between us  and t h e  moon. We would l i k e  t o  l e a r n  t h e  d e t a i l s  

of t h a t ,  

T h i r d l y ,  we wKould like t o  knew b- t h 0  e a r t h ' s  

m a g n e t i c  f i e l d  c o n t i n u e s  t o  f a l l  o f f ,  D o e s  it f-all  off  

a s  one would i w - i n e  i n  a more o r  less s t e a d y  way, o r  is 

it modified by t h e  nmaterial i n  space by the  electrified 

pa r t i c l e s  i n  s w e ,  and so  on? 

Four th ,  w e  would like t o  con t inue  w r  s tudy  of 

the high-energy particle'  r a d i a t i o n s  like t h e  c w i c  r a y s  

and t h i s  is, as you know, cont inued  i n  t h e  sa te l l i tes  and 

space probes t h a t  have been launched t o  date, 

The Van Allen  r a d i a t i o n  belt is a d iscovery  i n  

t h i s  area although these particles are no t  cwaic rays 

s i n c e  t h e y  are no t  t h a t  e n e r g e t i c ;  neverthel-, t h e y  are 

of a similar  n a t u r e ,  We would l i k e  t o  know whether t h i s  

r a d i a t i o n  belt c o n t i n u e s  a l l  t h e  way out t o  t h e  moon OF 

does it reach a maximum and then  trail of f?  
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Thw, of cw.rM, if y m  let&- t o  the future and 

ask g w s e - l f  t he  que-s-tien of- -what fultu-re aa,nI;ie$ s p a c e c r a f t  

w e  w i l l  run i n t o ,  t h i s  r a d i a t i o n  ques t ion  is of extreme 

iaprtancs. 

Gei-ng fu rqhe r ,  l&bg .tww~rd dk&me, we 

would l i k e  t o  ask- sewwal ques t ions -abou t  t h s  moon and 

p l a n e t s ,  If we get o u r  space probes- t o  take our  equipment 

t o  t h e  v i c i n i t y  of the moon, t h e n  we have a number of ques- 

t i o n s .  

D o e s  t h e  moon r e a l l y  h a v e a n  a- twsphere?  We know 

tha t  it can't b e - m h  of a n  atmsphe~e, b w a w  we would 

see a h a l o  around t h e  lgOOn i f  there were m w h  of a one,  If 

it has a n  at-pbere, s a y ,  of heavy gases, s a y  Argon, Xenon 

and Crypton, is t h a t  ionosphere? 

D w s  t h e  meon b v e  a m-ne-tic field? W h a t  is 

t h e  meon's g r a v i t a t i o n a l  f i e l d  l i ke?  By s t u d y i n g  t h e  

moonys g r a v i t a t i o n a l  f i e l d ,  one c a n  ge t  a measure of its 

p r e c i s e  shape, 

A s  you a l l  know, the mooIl is gat a perfect sphere 

nor is it a siBp-le apb0rs w i t h  a bu-lge around it the way 

the earth is, The awn is nom like a lopsided footbal l  

w i t h  t h r e e  d i f f e r e n t  axes to it. 

We would also-, i n  $he -Ifk0l?e d%&anF fGta??+, %%ke 

t o  ask s i m i l a r  ques t ions  abut, say, Venus-and s b w t  Mars. 

What is t h e  atmosphere of Venus r e a l l y  l i k e ?  When w e  observe 

. . . I_ - -. _. . - - .  . . .. . . .. .. . . . . . *  "._ 
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V e n u s  a t  t h e  s y r f a c e  of t h e  ear th  by means of ord ina ry  

astronoaical techniques ,  w e  see great clouds of carbon 

d iox ide ,  but  we d-on't see any water vapor. Our first 

ques t ion  is, is i t  true t h a t  Venus has no water?  I do not 

b e l i e v e  t h i s  is t r u e ,  I be l i eve  when w e  look i n t o  the 

atmosphere w e  see only a por t ion  of t h e  atmosphere where 

there is carbon d iox ide ,  but  if we could look f u r t h e r  i n t o  

it w e  would f i n d  water  vapor. 

The ques t ion  is, is t h i s  t r u e ?  What is the t o t a l  

atmosphere of Venus- like? Does it have an ionosphere? Does 

Venus have a magnetic f i e l d  and a r e  there entrapped p a r t i c l e s  

around Venus l i k e  those  of t h e  Van A l l e n  belt around t h e  

e a r t h ?  

Then t u r n i n g  out t o  Mars, does Mars have i n  its 

atmosphere any apprec iab le  amount of water  vapor? We sus -  

pec t  no t ,  Does Mars have an ionosphere? When we  g e t  close 

t o  t h e s e  o b j e c t s ,  of course ,  w e  would lihe t o  t a k e  p i e t u r e s  

of them t o  s tudy them d i r e c t l y  by photography, by t e l e v i s i o n  

or any o t h e r  means. 

This  is a very b r i e f  review of t h e  t h i n g s  w e  would 

l i k e  t o  leann. They represent a s t e p  forward, a logical 

series of s t e p s  forward f rom t h i n g s  t h a t  we have been 

measuring i n  our  own e a r t h g s  atmosphere. 

As w e  a t tempt  t o  make t h e s e  measurements and 

s t u d i e s ,  w e  a r e  s u r e  t h a t  o t h e r  ques t ions  w i l l  arise and 

- .. .. .~ .  . . -. - _....._I....-.. ._._ ... ._ .- ..  . , - _. - . _  . ... ._. .. . . . I . . _ _  __"I. . 
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other challeages-, and w e  w i l l  mat to pa-~%xae those,  

Now, at  th is -  mint I w e u - l d  lib t o  t u r n  the f l o o r  

over  t o  New.611 Sa-~s, w b  w i l l  t e l l  y - c ~ s t x n e . t B i n ~  about 

t h e  m e c h a n i c s  of g e t t i n g  -these ins t rumenta t ions  out  i n t o  

the space t h a t  we would l i k e  to study.  

QUESTION: Ysu sa-y by-studyi-ag- t -he--g-ravi ta t ional  

f i e l d  of t h e  moon you beable t o  f i n d  out w U t ?  

MR, NEWELL: W e  ca-n f i n d  j g u t  more about t h e  mass, 

size a n d  shape of t h e  moon, b s c z w  the m a s s ,  the s ize  and 

t h e  shape of t h e  moon determines t h e  n a t u r e  of its gravi -  

t a t i o n a l  f i e l d ,  so conversely,  by study-i-ng the na tu re  of 

t h e  g r a v i t a t i o n a l  f i e l d  w e  can  l e a r n  about its shape, 

QUESTION: What is t h e  size of t h a t  bulge t h a t  

is t o  be d e t e r m i n e d  now3 

hpR, NZWELL: On t h e  n o o n ,  I c a n ' t  g ive  it t o  

you offhand,  but it is q u i t e  marked. I t  is more marked 

than t h e  bulge of t h e  e a r t h ,  

p6R. SANDERS: The first t h i n g  I would l i k e  t o  

d i s c u s s  w i t h  you is howvwe get out  i n t o  space9  w h a t  kind 

of pa th  do t h e s e  o b j e c t s  t h a t  w e  push out  t h e r e  follow'? 

For aost of the flight, pract ical ly  the entire 

l ifetime of these v e h i c l e s ,  t h e y  a r e  j u s t  f ly ing-  through 

space,  j u s t  drift ing through space, as it w e m ,  f o r  a per iod 

of perhaps f i v e  minutes n e a r  t h e  beginning i n  which they  

g e t  t h i s  v i o l e n t  a c c e l e r a t i o n  from t h e  rocke t  t h a t  pushes 
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it up, but  once this a c c e l e r a t i o n  has died out and the 

rocke t  is dropped and the veh ic l e  proceeds through space.  

It i s  f l y i n g  on a t r a j e c t o r y  i n  t h e  same way t h a t  the moon 

and t h e  o t h e r  o b j e c t s  i n  our solar system are moving, follow- 

i n g  t h e  same laws that  the astronomers have worked o u t ,  

Now, l e t ' s  take a look a t  a few of the k inds  of 

paths t h a t  w i l l  be fol lowed and I w i l l  start with the one 

t h a t  you are q u i t e  familiar with, the o r b i t  around the 

earth, j u s t  as a s t a r t i n g  po in t ,  and you are familiar w i t h  

some of  t h e s e  concepts  a l ready ,  which i s  where w e  have 

e s s e n t i a l l y  a c i r c u l a r  o r b i t  around the earth. 

This i s  the earth. The v e h i c l e  i s  moving with 

the v e l o c i t y  such t h a t  i t  r o t a t e s  around the earth.  The 

c e n t r i f u g a l  f o r c e  which i s  generated j u s t  ba lances  the 

g r a v i t a t i o n a l  f o r c e  of the earth, and as a consequence, 

it w i l l  fo l low t h i s  path and not  f a l l  i n t o  the earth. 

S t a r t i n g  from tha t  po in t ,  w e  would l i k e  to reach 

o u t  i n t o  space; w e  would l i k e  t o  go o u t  t o  the moon, to 

Venus and to o t h e r  parts of our  s o l a r  system, and the ques- 

t i o n  i s  how do w e  modify t h i s  system, t h i s  o r b i t ,  t o  get 

the kind of path that  we want, having r e s t o r e d  i t? 

Let's assume t h i s  v e h i c l e  has  on i t  a rocke t ,  

and as i t  comes to t h i s  po in t  w e  f i r ed  t h i s  rocke t  and 

gave it  a v e l o c i t y  which i s  greater than  the v e l o c i t y  

t h a t  it would have j u s t  f o r  t h i s  c i r c u l a r  o r b i t .  'dhen 
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w e  do that, to the-greater v e l e c i t y ,  it w i l l  no t  curve 

q u i t e  as mwh. I t  w i l l  f l y  farther away from the ear th  

and follow an e l l ip t ica l  pa$h, someth ing  l i k e  t h i s ,  But 

a l l  of these paths w i l l  a lways  come back and pass through 

t h i s  m-me point .  

If w e  apply  still a %rater vezoc i ty ,  we w i l l  

ge% s m e t h i n g  l i k e  t h i s .  Let's- l w k  a t  what these ve loc i -  

ties are. For the c i r c u l a r  o r b i t ,  this v e l o c i t y  has t o  

be 18,QQO m i l e s  per hour, roughly, 

QUESTION: Are t h e s e  s t a t u t e  m i l e s ?  

MR. SANDERS: Yes, a p p r o x i M t e l y ,  I know these 

numbers qu-fte w e l l  i n  per-second, b u t  I c a n ' t  q u i t e  conve r t  

them is m i l e s  per hour,  

If we con t inue  t o  increase t h i s  v e l o c i t y  by 

u s e  of i n c r e a s i n g  rocket charges, we w i l l  get a f a m i l y  of 

ellipses wbich extend farther and far ther  i n t o  space. In 

gene ra l ,  as  t h e s e  vehic les -  move around these  o r b i t s ,  as 

t h g y  ptove away f r o m  t h e  ear th ,  they w i l l  sdow down and w i l l  

be pi-% at a s l o w  v e l o c i t y  a t  these p o i n t s  and t h e y  s t a r t  

f a l l i n g  back t o  t h e  earth and, again ,  are going a t  the 

v e l o c i t y  in excess of 18,000 mile- ls-  per hour a t  t h i s  p o i n t ,  

If w e  keep on  pushing that  v e l o c i t y  up, until 

w 0  get t o  25,000 m i l e s  per hour,  a s t r a n g e  t h i n g  happens. 

T h i s  el l ipse never c l m  itself. T h e s e  arlns-e-xtend on 

o u t  i n t o  i n f i n i t e ,  a n d  t h s  v e h i c l e  w i l l  i n  a s e n s e  e scape  
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There i s  a misconcept ion here that  I th ink  
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i t  

would be well t o  c l e a r  up. The v e h i c l e  has no t  escaped 

the g r a v i t a t i o n a l  f i e l d  of t h e  e a r t h  i n  t h e  sense that the 

g r a v i t a t i o n a l  f i e l d  of  t h e  earth has disappeared.  The f i e ld  

of the earth extends t o  i n f i n i t e ,  and i t  i s  permanent and 

i t  w i l l  always extend t o  i n f i n i t e ,  so t h i s  veh ic l e  w i l l  

be i n  t h e  g r a v i t a t i o n a l  f i e l d  of  the  earth f o r e v e r .  

However, the po in t  i s ,  the g r a v i t a t i o n a l  f i e l d  

does decrease with d i s t a n c e .  It i s  the  i r v c r s e  square of  

t h e  d i s t a n c e .  A s  the v e h i c l e  goes away, i t  i s  slowing 

down. When you lift something t o  h ighe r  a l t i t u d e s ,  i t  

l o s e s  v e l o c i t y .  It i s  not  l o s i n g  v e l o c i t y  a t  a fas t  enough 

ra te .  It cannot rob t h e  t o t a l  energy from the v e h i c l e .  T h i s  

energy remains and cont inues  and pushes the v e h i c l e  ou t  

i n t o  space,  bu t  i t  s t i l l  feels t h e  e f f e c t  o f  g r a v i t y ,  bu t  

i t  w i l l  never  r e t u r n  t o  the earth.  

Now, then,  l e t ' s  suppose i n s t e a d  of  going ou t  

far  i n t o  space w e  think about going t o  some in t e rmed ia t e  

o b j e c t i v e ,  such as the moon. We would l i k e  t o  extend 

these e l l ipses  u n t i l  the e l l ipse  comes ou t  fa r  enough so 

tha t  i s  reaches the  moon o r b i t  and t o  do that  we need 

the v e l o c i t y  of 23,900 miles per hour.  This b r i n g s  up an 

i n t e r e s t i n g  p o i n t .  Actual ly ,  going t o  the moon, t h e  s t e p  

between going t o  the moon and escaping e n t i r e l y  i s  not  a 
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v e r y  b i g  s tep.  

As a matter o f  frc’,,  if w e  misca l cu la t e  the s i z e  

of ou r  charge i n  our  rocke t  system, o r  do something inco r -  

r e c t  i n  our  guidance, i t  i s  q u i t e  p o s s i b l e  i n  shoot ing a t  

the moon tha t  whereas w e  would l i ke  t o  o b t a i n  a v e l o c i t y  

such as t h i s ,  w e  would escape e n t i r e l y  and go on o u t  i n t o  

space and never  come back. 

Actual ly ,  even i f  we do provide the c o r r e c t  

v e l o c i t y ,  we s t i l l  have a problem. The f i g u r e s  I have 

drawn here(assuming tha t  there are only two bodies  i n  

t h e  un ive r se ,  the  earth and t h e  veh ic l e )  bu t  the moon is ou t  

here somewhere, and i t  d i s t o r t s  the g r a v i t a t i o n a l  f i e l d  t o  

the moon when you d i s t o r t  t h i s  path.  As t h i s  v e h i c l e  i s  

t r a v e l i n g  some e l l i p t i c a l  path t o  s t r i k e  the moGn, a c t u a l l y  

i n s t e a d  of  cont inuing  t o  slow down and reach i t s  lowest 

v e l o c i t y  here, i t  w i l l  s t a r t  t o  speed up because i t  w i I . l  

begin t o  f a l l  toward the moon and the moon w i l l  s t a r t  

t r a c k i n g  i t .  

We w i l l  assume w e  are not  so accu ra t e  t ha t  w e  are 

going t o  h i t  the moon. 

guess as that ,  bu t  i f  the v e h i c l e  comes real c l o s e  t o  the  

moon as i t  goes by, i t  would speed up t o  a v e l o c i t y  of 

about 5,400 m i l e s  per hour; tha t  i s ,  i t  had 23,000 here, 

but i t  i s  slowing down and reaches a very low v e l o c i t y  

here, bu t  then  it does speed back up t o  t h i s  number, and 

I w i l l  not  make such an o p t i m i s t i c  
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i f  it were to h i t  the moon, it would hLt t h e  moon a t  t h a t  

ve loc it y . 
QUESTION: W h a t  is t h i s  v e l o c i t y  tbat it slows 

dQwn to? 

MR, SANDERS: I a m  s o r r y .  I cannot  tel l  you 

what it is. I t  is s o m e w h a t  lower than that .  

QUESTION: I had an  astroa-r f i g a r e o u t  fo r  m e  

and he -said it  would, be i n  the order of half a m i l e  a second 

as it moved i n t o  the l u n a r  g r a v i t a t i o n a l  f i e l d ,  

MR. SANDERS: Yes, and t h i s  cor responds  t o  one 

and a h a l f  m i l e s  per second. If t h i s  vehicle c-s close 

t o  t h e  noon and goes on it w i l l  n o t  s t a y  i n  t h e  v i c i n i t y  

of  t h e  moon because it would simply be deflected and then  

a f t e r  it reached t h i s  litaximum velocity- and,  go ing  away from 

t h e  w o n ,  starts slowing down, it would never  come back t o  

t h e  moon; it would go on over  and con t inue  around some p a t h  

around t h e  e a r t h .  

To make it s t a y  i n  an  orbit around t h e  moon w e  

have to  have a retrorocket t o  s l o w  i t  down and b r i n g  it 

down t o  a v e l o c i t y  necessary  to make it s t a y  i n  o r b i t  around 

the noon. It  depends on how close t o  t h e  moon you are. I t  

might be some v e l o c i t y  on t h e  order of , i n  one case w e  cal-  

c u l a t e d ,  3900 m i l e s  per hour,  b u t  it depends o n  t h e  o rb i t  

t ha t  m i g h t  be chosen, T k m e  numbers i n  no w a y  apply t o  

anyth ing  t h a t  is imminent. These are just g e n e r a l  
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c a l c u l a t i o n s  we have made . 
QUESTION: You say  that  what you are a t tempt ing  t o  

do, then, i s  t o  slow t h i s  rocke t  down t o  a speed approximating 

3900 miles  an hour? 

MR. SANDERS: I n  t h e  p a r t i c u l a r  case I have chosen. 

I n  p r i n c i p l e ,  i f  you slow it  down t o  a v e l o c i t y  less than  

t h i s ,  it w i l l  f o l low through some elongated e l l i p se  and i f  

I wanted t o  put it down real c l o s e  t o  the moon t h i s  i s  the  

number that  I would have. 

QUESTION: What do you mean by a "real  c l o s e  o r b i t " ?  

MR. SANDERS: This  i s  a c a l c u l a t e d  f i g u r e  i n  about 

one moon's rad ius ;  but  d o n ' t  relate t h i s  i n  any way t o  any- 

t h i n g  that  i s  going t o  happen. These are just  c a l c u l a t i o n s  

w e  have made j u s t  t o  g ive  you some idea of the magnitudes 

involved. 

QUESTION: The moon r a d i u s  i s  what? 

MR. SANDERS: I s n ' t  t h e  diameter  of t h e  moon about 

1000 o r  2000 miles? I n  o t h e r  words, the  moon's r a d i u s  i s  

about 1000 mi les .  

Now, let's go back t o  the case  where we have given 

i t  a c c i d e n t a l l y  t o o  much v e l o c i t y  and i t  not  only goes by 

the  moon and misses the moon, but  also so  much v e l o c i t y  that  

i t  w i l l  no t  s t a y  i n  o r b i t  around the earth. 

and never  comes back. 

It goes on off' 

I said tha t ,  bu t  tha t  i s  not  q u i t e  a c o r r e c t  s t a t e -  

ment, Again, w e  have neglec ted  something, and tha t  i s  t h i s  

- - . . . ..- . - .. . . .. . -. . ..... - ,  . . . A . . -  . . . .. _I. . . . .. . . . ." . _  ..- . 
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big d 4 - s . m  sittiag over here which is exeptiag a treswndous 

i n f l w n m  on the orbit  of these th ings .  

What happas is t h i s  t h i n g  f a l l s  into an o r b i t  

arwad the  sun. Tke v e l o c i t y  of t h e  e a r t h  i n  orbi t  around 

t h e  sun i - s~amnd €W,OQ@ m-i- per hour,  and the- v e l o c i t y  

af ter  the v e h i c l e  gets far away from h e r e  relative to  t h e  

e a r t h  was of t h e  o rde r  of a couple  of tbousa-nd m i l e s  per 

hour, a very l o w  number, so e s s e n t i a l l y  it is t r a v e l i n g  

r i g h t  around t h e  sun a t  t h e  speed of t h e  e a r t h  o r  close t o  

it 0 

Many, many years a f t e m r d s ,  preswa-bly both  

t h e  e a r t h  and t h i s  v e h i c l e  chasing t h e  sun - they might come 

tagether, but it w i l l  be years off - so e s s e n t i a l l y  we c a n  

say  t h i s  v e h i c l e  is o f f  if it gets t o  a g r e a t e r  v e l o c i t y  

than  t h i s ,  

If w e  wish t o  go out  i n  space t o  go close t o  

Venus or go close t o  Mars, w e  are still d e a l i n g  w i t h  a 

v e l o c i t y  of t h i s  order of magnitude, t h i s  escape veloc%ty  

fro= t h e  e a r t h  i t s e l f  - 25,000 m i l e s  per hour ,  But now 

w e  have t o  t a k e  i n t o  consideration t h e  v e l o c i t y  of t h e  

e a r t h  and t h e  v e l o c i t y  of t h e  planets we are d e a l i n g  with.  

I w i l l  now draw t h e  sun i n  a sm11 block here ,  

H e r e  is the o r b i t  of t h e  p l a n e t  Venus, o r b i t  of t h e  e a r t h ,  

orbi t  olf Mars., Letts sery the e a r t h  iJs a w i n g -  in t h i s  

d i r e c t i o n ,  and a t  t h i s  p o i n t  w e  wish t o  i n i t i a t e  a f l i g h t  

I __ "- - _  _ . _  - - _. - - . 
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that  %egg te V e z # w ,  

If we s b t  It  m y  frola the earth at 25,088 lgiles 

per h e w ,  w-hm it gxk a little di-skaime f-- the- e a r t h  and 

i t  s@med d m .  to  arbital v s l s i t g  it w s u l d -  f s l l o w  it 

around so we have to s l o w  it down. Actua l ly-  we- would do 

a f i r i n g  i n  t h e  o p p o s i t e  d i r s c t i G n ,  but f G r  tbs-.sake of 

s i a p l i c i t y  we have to slow it dswn and p u t  it i n t o  a n  el l ipse 

like t h i s ,  

If w e  lef t  it w i t h  t h e  v e l o c i t y  it would bave 

a f t e r  it escaped from the  earth, when f i r e d  a t  that v e l o c i t y  

i t  would follow around w i t h  t h e  e a r t h ,  By s l o w i n g  it down, 

i t  would go i n t o  a n  ellipse and if we p i c k  t he  correct 

v e l e c i t y  it w i l l  c o d  around and i n t e r s e c t  the orbit of 

t h e  p l a n e t  Venus. 

If w0 w a n t  t o  go to are ,  w e  rrtttst do the opposite; 

w0 m u s t  speed it up a n d  lllake it -go i n t o  an ell ipse which 

comes around and ewms close t o  t h e  p l a n e t  ars, If we wanted 

t h i s  vehicle t o  s t a y  i n  the v i c i n i t y  of Venus wbn it got 

t h e r e ,  actual ly  on t h i s  p a t h  it is going- faster t h a n  Venus 

and it would go r i g h t  by, so a g a i n ,  we would have t o  pu t  

on a retrorocket. 

In the case of Mars, it is t h e  other way around,  

We have  to speed it up when it gets t o  t h e  pltmet Mars. 

Them is one other p o i n t  I would l i k e  t o  d i s c u s s  very  

b r i e f l y  
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We -knew- t h e  l a w e  by wwhieh thew t h i n g s  tllove 

through space and w e  c a n  predict it very a ~ a m i ~ t e l y .  If 

WB had t w o  boosters or rockets- sitting o n  t h e  g-rolagd, f i r -  

i n g  i d e n t i c a l  loa-, g i v i n g  the saae v e l o c i t y -  a t  the saw 

p o i n t  away from the e a r t h ,  they  would thes-- w e  ~ w l d -  cal-  

c u l a t e  - w e  would k n o w  t h e y  would fo l low a b s o l u t e l y  parallel 

pa ths .  

Now, suppose I w a e o n e  of those  ob jec ts  and my 

lunch bucket were t h e  other  object. W e  would be f l y i n g  

through space and I would look o u t  a n d - s e e  t h i s  lunch 

bucket r A @ t  beside m e .  A little w h i l e  l a t e r  it weuld s t i l l  

be besib -me* I would put  my shoe ou t  there a n d  it would 

follow m e  around, too. 

If I wanted t o  be- gruesome about  i t ,  I hack o f f  

h a l f  my arm a n d  it would go r i g h t  a long  w i t h  198. I t  had 

been given the same v e l o c i t y  and  s a m e  p o s i t i o n  I had been 

g iven ,  Now, t h a t  means even though ray a r m  w a s  attached t o  

me here, there would be BO force e x i s t i n g  o n s t h a t  arm t o  

move it r e l a t i v e  t o  ne; it wo-rtld not  be moved up or down or 

to t h e  sides. In other w o r d s ,  I would n o t  feel the weight 

of t h a t  arm a t  a l l  nar Would I fee l  t h e  weish t  of a n y  o t h e r  

p a r t  of my body.  Therefore, I would feel  t h a t  I w a s  i n  a 

w s i g b t l e s s  s i t u a t i o n ,  

But again, there is a n-i-sconception here. We are 

n o t  free of g r a v i t y ,  because g r a v i t y  is a t h i n g  that mkes 
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us tr-1 i n  these-slliptiea-1 paths. If t W e - A T e r - e t  no 

-gravity,  wsu-ld f o l l o w  a s t r a i g h t  path, so w e  a m  still 

s u b j e c t  to t h e  l a w s  of g r a v i t y .  

The t h i n g  is-, they  are acting- i n  t h e  - s a m w a y  

on a l l  parts- of -ae 

and t h a t  ~ ~ l d  be the s i t u a t i o n  of a man who was t r a v e l i n g  

i n  one of these unpwered orbits. 

I have the- sease- r&f .wei-ghk&aesnees 

This concludes my discussion. 
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Q Doctor, when a rocket  l eaves  t h e  e a r t h  and you take 

advantage of  the r o t a t i o n a l  speed of the e a r t h ,  which i s  what? 

A It i s  about a thousand miles per  hour a t  t h e  Equa- 

t o r .  

Q Does tha t  mean tha t  that thousand miles an hour 

i s  added t o  the i n h e r e n t  speed of the rocket  i t s e l f ?  

A I f  w e  take an Equa to r i a l  launch and launch i t ,  we 

are t ak ing  advantage of i t  i n  t h e  f i r i n g s  that  have been done 

so far.  

a c t u a l l y  the rocket. system would only have t o  provide 17,000. 

However, l e t  us suppose we wanted t o  pat it  i n t o  a Polar  orbit, 

f i r e  i f  so i t  can go over  the Poles,  w e  cannot add t h i s  

velr.oci%y, so it i s  j u s t  i n  t h i s  speefaP case ,  and we try t o  

t & e  advantage of t h i s  v e l o c i t y ,  bu t  i n  many missions we will 

not  be able f a  do t h i s .  Some mission w i l l  c a l l  f o r  something 

d i f f e r e n t ,  and we w i l l  not  be able t o  take c a r e  of  t h a t .  

So i f  we r e q u i r e  a v e l o c i t y  of' 18,000 miles per hour,  

0, When you f i r e  from Cape Canaveral  i n  a nor th-  

easter1.y d i r e c t i o n ,  how much added speed are you g e t t i n g ?  

A I f  you f i r e  d i r e c t l y  east a t  Cape Canaveral I think 

i t  i s  around 900 m i l e s  per  hour.  

Q You never  do. You f i r e  e i ther  sou theas t  or nor th-  

west. 

Explorer  Four. 

I was asking i f  you f i r ed  i n t o  the nor theas t ,  l i k e  the 

A 

Q You have a f i g u r e  of  23,900 miles per  hour.  Is that 

About 800 miles an hour,  I am j u s t  t o l d ,  
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t h e  desired v e l o c i t y  for t h i s  T r a j e c t o r y  you are t a l k i n g  about? 

A Y e s ,  t h a t  is a v e l o c i t y  which w i l l  have a n  e l l ipse 

t h a t  w i l l  become tangen t  t o  the moon. 

Q A t  what a l t i t u d e  is t h a t  a t t a i n e d ?  

A That is a n  e q u i v a l e n t  v e l o c i t y  t h a t  must be g iven  

a t  t h e  earth 's  s u r f a c e  t o  t h i s .  

Q From t h e  s t a n d p o i n t  of a c t u a l l y  f i r i n g  a projecti le 

i n  t h e  d i r e c t i o n  of the  moon, what burnout  v e l o c i t y  would i t  

a t t a i n ?  

A I d o n ' t  know. Usual ly  there is a burn ing  period 

of about  f i v e  tllinutes, and t h e  load has to  be a d j u s t e d  

and i t  depends on t h e  a c c e l e r a t i o n s  t h a t  you give.  If you have 

a n  a c c e l e r a t i o n  of 1.3 t i m e s  g r a v i t y  t h i s  might go t o  a couple  

of hundred m i l e s  at which t i m e  i t  burns  o u t .  I cannot  quote 

you r i g h t  now on the  v e l o c i t y  of t h i s .  

Q How close does t h i s  23,900 have t o  be? How much 

v a r i a t i o n  can  you have t o  l i m i t  y o u r s e l f  t o  a success-  

f u l  o rb i ta l  moon? 

A I cannot  t e l l  you e x a c t l y .  I w i l l  p o i n t  o u t  one 

p o i n t .  When you p ick  t h i s  minimum energya, s i t u a t i o n  t h a t  I 

have described i n  which t h e  e l l ipse it is t r a v e l i n g  on 

is tangen t  t o  t h e  o r b i t  of t h e  t h i n g  you are coming to  i t  is 

f a i r l y  i n s e n s i t i v e  t o  t h e  errors there. But you f r e q u e n t l y  

l i k e  t o  u s e  more t h a n  this minimum energy t y p e  of oper- 

a t i o n  from other c o n s i d e r a t i o n s .  Sometimes you would l i k e  
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t o  g i v e  the 

do t h i n g s  like t h i s  and p i c k  up points  l i k e  t h i s .  Tha t  is 

p a r t i c u l a r l y  t r u e  i n  t h e  case of going to  Venus or Mars. We 

would l i k e  t o  shor ten  t h e  time i t  t a k e s  t o  g e t  t h e r e .  I t  

takes q u i t e  long on t h i s  minimum energy e l l i p s e .  As far as 

t h e  accuracy t h a t  is r e q u i r e d  is concerned, i t  is q u i t e  

s t r i n g e n t  a c t u a l l y  and t h e  chances of g e t t i n g  t o  t h e  moon 

are p r e t t y  low. 

a l i t t l e  extra .push and have this e l l i p s e  

Q Can you g i v e  m e  an estimate, Suppose you picked 

o u t  what you wanted t o  do, and you decide t h a t  you want t o  

sor t  of h i t  a tangent-type t h i n g  when you reach t h e  moon, 

what kind of accuracy must t h a t  be i n  miles pe r  hour ,  roughly 

speaking? Is it i n  the  neighborhood of twenty or f i f t y ,  or 

s e v e r a l  hundred, o r  what? HOW close would i t  have t o  be? 

A I t  is much closer than  twenty. 

Q Would you s a y  i t  w a s  w i t h i n  f i v e  m i l e s  pe r  hour? 

A You are p inning  m e  p r e t t y  close here, 

Q J u s t  a rough estfmate. 

A Y e s ,  t h a t  would be about  r i g h t .  

Q You had to  be w i t h i n  f i v e  miles p e r  hour t o  do what? 

A Don't  go away quot ing me t h a t  f i v e  ailes p e r  is t h e  

number here. 

8 I n  other words, when you p ick  t h e  o rb i t  t h a t  you are 

t r y i n g  t o  h i t ,  be i t  a tangent  or one t h a t  goes o u t  and comes 

back, there are probably a limitless number of those, and then  
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decide  on what your speed must be, roughly speaking how 

close do you have t o  h i t  it? 

A I would l ike t o  make a comment here. I t h i n k  i n  t h e  

way you posed your last  ques t ion ,  you presented  a problem 

correctly. If you are t r y i n g  t o  h i t  a specific p o i n t  on t h e  

moon or a specific o r b i t  around t h e  moon, when t h e  r e q u i r e -  

ments are extremely s t r i n g e n t ,  and a n  amount, a s  i n d i c a t e d ,  

be fo re  doing b e t t e r  than  a few miles per hour. Also, your 

aiming has  t o  be good. But t h i s  is n o t  t he  way you do 

something of t h i s  sor t ,  c e r t a i n l y  n o t  on t h e  first go-round, 

As you i n d i c a t e d ,  there are i n f i n i t e l y  many o r b i t s  around 

t h e  moon t h a t  one could shoot for ,  and t h i s  relaxes somewhat 

t h e  requi rements  on you, As long as w e  ge t  i n t o  an  o r b i t  

about  t h e  moon, t h a t  is s u f f i c i e n t l y  close, w e  are i n ,  So t h i s  

relaxes t h e  aiming for u s ,  bu t  as far as  g e t t i n g  close 

enough to  t h e  moon is concerned, w e  are still  w i t h i n  t h i s  

f e w  miles per hour requirement.  

Q Could you d i s c u s s  t h e  q u e s t i o n  of problems t o  Mars 

and Venus i n  terms of launching times. We are more familiar 

w i t h  t h e  three days  pe r  month Lunar problem. How does t h a t  

work o u t  w i t h  Venus and Mars? 

A That is a much less f r equen t  occurrence,  Because 

of t h e  energy requi rements  w e  do have t o  s t i c k  f a i r l y  close 

to t h i s  s i t u a t i o n  which I have i l l u s t r a t e d  here -- when t h e  

ear th  is i n  t h i s  p o s i t i o n  i t  is launched here, so i t  w i l l  meet 

. .. . . _. . .. . . -.- . - . . . . . ~ - ~ . *  ^ -. . .- . . . . - . - ... . . . . . . . . . . 
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Venus when Venus i s  a t  t h i s  po in t .  That occurs  once, I 

think, about 225 days, as I r e c a l l .  The per iod  of  t h e  e a r t h  

i s  365. I think it winds up that  t h i s  t h i n g  occurs  about 

once every e igh teen  months t ha t  you get t h i s  combination of 

p o s i t i o n s  a t  t h e  r ight  t i m e  so  t h a t  you can f i r e  a minimum 

energy type  of t h ing .  

Q How about Mars on that same po in t?  

A It i s  a much longe r  per iod  of  t ime t h e r e .  Now, we 

want t o  f i r e  i t  from the e a r t h ,  and then  when Mars i s  a t  180 

degrees,  t h e  v e h i c l e  will a r r i v e  a t  t h e  same time. There a r e  

some o t h e r  t h i n g s  that  e n t e r  i n t o  t h i s  th ing ,  too.  

Q What i s  t h e  per iod  on Mars? 

A I th ink  that  is 687 days. 

Q That i s  Mars, per iod.  

A That i s  what t h e  ques t ion  was. 

Q What i s  t h e  i n t e r v a l  f o r  a good shot?  

A I don ' t  have that  i n  mind, bu t  it would be longe r  

than  t h e  687. 

Q It i s  around f o u r  t o  s i x  years. 

Q You d o n ' t  have an es t imated  d a t e  when t h e s e  two 

bodies  w i l l  be i n  those p o s i t i o n s ,  do you? They a r e  going 

t o  be t h e r e  r e g a r d l e s s  of  whether we do anything o r  no t .  

A Yes, t h e  astronomers know th i s  q u i t e  accu ra t e ly .  

Q Can you suggest an approximate date? 

A Those events  w i l l  occur  t h i s  y e a r  sometime as f a r  
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as  enu us is concernedB l a t t e r  part of 1960, As far as Mars 

i s  concerned -- C Q I T ~ C ~ ~ O ~ ~  Mars i s  1960, There are two dates. 

It t a k e s  151 days for th98 t o  occurJ s o  if Venus is in posi- 

t i o n  here a% t h e  end of the yeass this means somewhere along 

i n  t h e  middle o f  %he year it must be launched, 

Q 
A 

Q 
A 

Q 
A 

Q 

In the middle of what year? 

1959 e 

That i s  f o r  Mars? 

That is Venus, 

What was that t r i p  you wrote f o r  Venus? 

15% days, That is the  minim^ energy time, 

This m.JE3-t come down t o  a TTeq precise date tha t  

you have ta send f t  up t o  rea& the  vicinity o f  Venus. Could 

you t e l l  us what t ha t  date is? 

A No, 1 CdTl” t ,  I donQt? h o w  exa@tly, 

Q 1s t h k s  da%d f w  w e  las t  half of 1959 the date a t  

whi9-1 %hey are 180 degrees apart, or the date which you 

have to do your  %a~Lnct124~% 

A The d a b  that we would have t o  d~ our launching 

w ~ u P d  be ie_~_ the middle of the yeas. At that time Venus 

W Q U ~ ~  be r i g h t  h e ~ e  sonaeplaces acbually, and then  in the t i m e  

it; takes the vehle le  to move along t h i s  path, Venus w f l l  

a r r i v e  here at che  me time the vehicle does,  

Q That would be down around seven obcclo@k? 
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A Yes, t he  earth would be in sow posi t fcm a long  

here. 

Q You would have to make your launching 151 days 

before Venus w a s  down i n  t h a t  ai$ o'clock pos i t i on?  

A That is prec ise ly  correct. 

Q What about Mars? 

A The same set of c o n d i t i o n s  hold t r u e ,  and t h e  f l i g h t  

t i m e  t o  Mars is around 250 days,  I d o n P t  know t h a t  as  ex- 

a c t l y  as I do t h i s  number. 

Q I t  is 247. 

Q So you would have t o  launch when and i n  what year  

for Mars? 

A I d o n ' t  know these dates. Somewhere i n  1960 t h e  

earth w i l l  be i n  t h e  correct p o s i t i o n ,  such t h a t  247 days 

later Mars w i l l  be i n  t h e  correct p o s i t i o n  for it t o  s t r i k e .  

Q I t  would have t o  be launched i n  1960 to  get there 

i n  19613 

A That is correct, 

Q What are t h e s e  f l i g h t  times based on i n  terms of 

ve loc i ty?  It seems t o  me i f  you would accelerate you would 

be able to do i t  quicker. 

A That  is minimum energy. There you have an  ell ipse 

t h a t  j u s t  becomes tangent  to t h e  t w o  orbits.  As I stated 

you can gene ra t e  a n  e l l i p s e  which goes across the other o r b i t  

and g i v e s  you a shorter f l i g h t  time, and t h i s  is d e s i r a b l e  

. . . .  . . . . . . .  . . . . . .  ....... ...... . .  . - _ _  . , .  
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c e r t a i n l y ,  but  you a r e  paying f o r  i t  with energy and how f a r  

you a r e  able t o  go i s  a t e c h n i c a l  ques t ion  concerning t h e  pay- 

l o a d  and what i s  a v a i l a b l e  a t  t h e  time. 

Q To f o l l o w  up t h i s  po in t ,  i f  you have a c a p a b i l i t y  

i n  terms of rocke t ry  and guidance t o  go t o  the moon, how 

much g r e a t e r  a s t e p  i s  it t o  go on t o  Mars and Venus? 

A From a propuls ion  s t andpo in t ,  it i s  very g r e a t .  

The c a p a b i l i t y  of t h e  propuls ion  system t o  put  it up i s  

t h e r e ,  bu t  it becomes a problem of guidance and communica- 

t i o n .  

When w e  t a lk  about a very l i g h t  weight v e h i c l e  car ry-  

i ng  a r a d i o  t r a - m i t t e r  and firing it  f i f t e e n  m i l l i o n  mi l e s  

away, t h e r e  i s  t h e  ques t ion  of g e t t i n g  the s i g n a l .  

Q And there i s  ten t o  twenty q i n u t e s  delay? 

A That i s  r ight .  

Q What i s  t h e  time per iod  dur ing  which on each o f  

t h e  days during your lunar probe launching you can s t i l l  

f i r e  and hope t o  make it? 

A I d o n ' t  know. I think t h i s  would be a s u b j e c t  

f o r  d i s c u s s i o n s  t o n i g h t .  I d o n ' t  know the answer t o  t h a t .  

Q It was e ighteen  minutes a t  Cape Canaveral. 

Q Doesn't that  go t o  t h i s  ques t ion  of  how you g e t  

t h e r e ?  

A May I put  something i n  here .  T h i s  depends upon 

t h e  guidance system you have, t h e  k ind  of course reckoning 

. "  



you cam m a k e  and the kind of  energy you have over  and above 

the minimum energy r equ i r ed  t o  do the paths. There are an 

i n f i n i t e  number of  pa ths  you could pick.  If you r e s t r i c t  

yourse l f  t o  a f a i r l y  s imple guidance system, f a i r l y  s imple 

course c o r r e c t i o n s  i n  f l i g h t ,  then  t h i s  t ime i n t e r v a l  i s  

not  very long. It w i l l  be on the o r d e r  of  t e n  t o  twenty 

minutes t o  g e t  over  i n  t h a t  per iod  i f  you hope t o  accomplish 

a mission, d e f i n i n g  a mission as merely g e t t i n g  i n t o  the 

v i c i n i t y  of the  moon. 

If you go t o  the o t h e r  extreme and had a l l  t h e  

energy ;you could use and had very e x c e l l e n t  guidance and 

s o  on, you could f i r e  any t ime, because by d e f i n i t i o n  you 

could f i r e  and c o r r e c t  i n  f l i g h t .  It depends upon t h e  s ta te  

of the ar t  of propuls ion  and gadgets, and t h e r e  i s  no pre- 

c i s e  answer except t o  say  if you t r y  t o  do it as simply 

as you can, you d o n ' t  have very long. You have t h i s  t e n  t o  

twenty minutes  . 
A If you had i n f i n i t y  power i n  your  propuls ion  sys- 

t e m ,  you could make i t  h i t  i n  a whole v a r i e t y  of p o s i t i o n s  

here, but  i f  you use the minimum energy!, t h e o r e t i c a l l y  t h e r e  

i s  only  one poin t .  Then i t  i s  how much excess  you have and 

so  on t h a t  g ives  you freedom here .  

A If you could go the  speed of l i g h t ,  it would only  

take you one and a t h i r d  seconds t o  get  there. L e t ' s  t a k e  

t h i s  as a l i m i t .  If you could poss ib ly  d r i v e  your  v e h i c l e  
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that  fast  you could g e t  t h e r e  i n  about one second. If you go t  

a t  m i n i m u m  energy i t  would take 2.6 days. 

A The fact  t h a t  t h e  launching s i t e  is not on t h e  

Equator g i v e s  rise t o  cer ta in  l i m i t a t i o n s  on the t ime that 

t h i s  f i r i n g  can occur, but  t h i s  i s  not  p a r t  of t h e  dis-  

cuss ion  as we have made it. 

Q Why is  that?  

A These v e h i c l e s  t r a v e l  i n  a plane.  All of these 

o r b i t s  that  we have Here t r a v e l  i n  a p lane  w i t h  t h e  c e n t e r  

of t h e  e a r t h .  The mpon moves around t h e  e a r t h  i n  t h e  e c l i p -  

t i c ,  and as long as you f i r e  i n  a p o s i t i o n  wi th in  t h e  e c l i p -  

t i c  you a r e  not  l i m i t e d  -- t h i s  i s  not  q u i t e  a c o r r e c t  s t a t e -  

ment =- you are no t  l i m i t e d  i n  the t i m e  you can f i r e ,  bu t  

once you g e t  o u t s i d e  of t h i s  e c l i p t i c ,  you have t o  wait f o r  

t h e s e  t imes when t h e  p lane  of t h e  moon -- t h i s  i s  a l i t t l e  

complicated -- I would have to use a three-dimensional card- 

board model t o  e x p l a i n  t h i s .  

Q What do you mean the moon t r a v e l s  i n  an e c l i p t i c ?  

What do you mean by t h i s  expression? 

A The p lane  of t h e  o r b i t  of t h e  moon i s  approxi- 

mately i n  a plane of an e c l i p t i c .  It i s  i n c l i n e d  to some 

degree . 
Q Let ' s  try t h a t  again,  p lease .  

A If I may add a few words here ,  t h e  solar system 

i s  e s s e n t i a l l y  spread out  i n  one plane,  not  exac t ly .  The 
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sun, the various p l a n e t s ,  including the  earth,  all revolve 

e s s e n t i a l l y  i n  a s i n g l e  plane.  Let's suppose t h i s  desk is 

a plane  here .  When w e  look up on to t h e  sky t h e  i n n e r  sec- 

t i o n  of t h a t  p l ane  w i t h  t h e  sky is t h e  e c l i p t i c ,  and one of 

t h e  ways i n  which we can know where t h a t  e c l i p t i c  is, is by 

watching t h e  apparent  motion of t h e  sun throughout t h e  y e a r ,  

I t  simply seems t o  go'around US. Actua l ly  w e  are going 

around the  sun. 

The moon's o r b i t  also l ies  i n  a p l ane  about  t h e  

earth. However, t h a t  p l ane  is i n c l i n e d  t o  t h e  p l ane  of the  

solar system, so you see the  moan is going around an  o r b i t ,  

s ay  t h e  p l ane  of t h i s  b lo t te r ,  and i n t e r s e c t s  t h e  ec l ip t ic  

a t  only t w o  p o i n t s .  When are f i re  an  object ou t  i n t o  space 

from t h e  earth, w e  are e s s e n t i a l l y  f i r i n g  t h i s  object 

o u t  i n t o  a p lane  co inc id ing  w i t h  t h a t  of t he  ecl ipt ic ,  so 

w e  have t h e  problem of p u t t i n g  t h i s  object i n t o  a n  o r b i t  i n  

t h e  e c l i p t i c  and making i t  i n t e r s e c t  ano the r  o r b i t  t h a t  is 

i n  a d i f f e r e n t  p lane  which means t h a t  t h e  i n t e r s e c t i o n  prob- 

l e m  is  even worse than  i f  t h e  two orbi ts  were both i n  t h e  

p l ane  of t h e  solar sys tem.  

Q What is t h e  ang le  of t h e  moon's p l ane  i n  rela- 

t i o n  t o  t h e  ecliptic? 

A T h a t  is six degrees. 

Q Does it go up and down six  degrees? 

A Y e s .  



Q A total of twelve? 

A It could be a t o t a l  of' twelve from t h e  plane of 

our  Equator,  

Q Why c m 8 t  you shoot  your rocke t  i n  t h e  same eclip- 

t i c  as t h e  moon? 

A In the  plane of the moon? 

Q Yes, 

A In the case of t h e  moon, t h i s  can be doneg but  i n  

t h e  case of f i r i n g  out t o  Venus9 now t h i s  i s  more d i f f i -  

cult t o  do, md again brings i n  t h e  d i f f i c u l t y  i n  aimfng. 

Q Have you made any changes i n  the PIONEER v e h i c l e  

or the i n s t m e n t a t i s n ?  

A That 1s %gb out-of-order quest ion.  Ask it t o n i g h t .  

Q How can you fire t o  g e t  i n t o  the moonus plane? It 

aeems to me you &re determined from where you are firing from 

and you are in a plane and canDt get out  of i t ,  

A T h i s  is what Mewell Sanders meant when he said 

thfs increases the d f f f i c u l t y ,  I n  o r d e r  t o  f i r e  i n t o  t h e  

plane i n  which the m ~ o n * s  o r b i t  lies, you have t o  f i r e  a t  a 

t i m e  when yous lamehiw shte  i s  i n  that plane, o r  you have 

t o  direct your v-ehEcBe from your launching s i t e  i n t o  that  I 

plane and then  have your l a a t  s t a g e  s o r t  of  dog-leg your 

t r a j ec to ry  in to  that plane, 

rder t o  g e t  i n t o  the mo8nss plane, you have t o  

be a i x  degrees  n o r t h  o r  south  of t h e  Equator, do you no t?  



A It i s  s i x  degrees  no r th  o r  south  of t h e  e c l i p t i c ,  

and t h e  e c l i p t i c  i s  23 degrees  27 minutes a t  t h a t  angle  t o  

t h e  Equator. 

Q D r .  Newell, t h e  main probe- i s  s l i p p i n g  the moon 

payload i n t o  t h e  plane of  t h e  Lunar o r b i t  around t h e  e a r t h .  

The i n c l i n a t i o n  of t h e  plane of t he  Lunar o r b i t  never  climbs 

as high as Cape Canaveral. 

A That i s  t h e  probelm. 

Q I n  o t h e r  words, t h e  maximum i s  28 degrees,  and t h e  

m a x i m u m  a t  Cape Canaveral i s  33? 

A That 's  r i g h t .  If we were f i r i n g  from t h e  Equator 

ou r  choices  of t imes t o  f i r e  would be much relaxed. 

Q I suppose as a c o r o l l a r y  t o  that  i s  the time f a c t o r  

on t h e  Sovie t  Union which has a much more s t r i n g e n t  f a c t o r ?  

A Yes, I would say so.  

Q M r .  Newell, would i t  be worthwhile t o  t r y  to g e t  

an Equa to r i a l  launching s i t e ?  Would t h e  d i f f e r e n c e  i n  what 

you would have t o  pay for it warrant i t? 

A I would say f o r  many reasons it would be worthwhile 

t o  have t h e  f l e x i b i l i t y  of f i r i n g  from t h e  Equator o r  from 

a nor the rn  s i t e .  

Q Has anyone suggested t h i s  t o  t h e  Government? 

A We have been thinking about that f o r  q u i t e  a while, 

yes  . 
Q D r .  Newell, when you say  you would have more 
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f l e x i b i l i t y ,  w h a t  would that be on the order o f ,  once a week, 

t w i c e  a week, any time you want i t ,  or what would i t  be com- 

pared t o  w h a t  you now have? 

A I am t h ink ing  of j u s t  more than l u n a r  and space 

probes when I say  f l e x i b i l i t y .  If you f ire from a launching 

s i te  t h a t  is n o r t h  of t h e  Equator ,  let 's  s a y  Cape Canaveral ,  

or any other place l i k e  t h a t ,  or i n  t h e  Sov ie t  Union, then 

your o r b i t  w i l l  have t o  be i n c l i n e d  t o  t h e  Equator a t  least 

e q u a l  t o  t h e  l a t t f t u d e  of your launching site. You c a n ' t  

g e t  an  E q u a t o r i a l  launching u n l e s s  you go through t h e  

procedure of sending  up your launching v e h i c l e ,  having a s t a g e  

i n  i t  which w i l l  dog-leg i t  down t o  t h e  Equator ,  and t u r n  

i t  p a r a l l e l  t o  t h e  Equator and then have your f i n a l  stages 

f i r i n g  parallel t o  t h e  Equator. Your launching o p e r a t i o n s  

then  become very d i f f i c u l t  and are d i f f i c u l t  t o  carry out .  

However, i f  you are on t h e  Equator you can  f i r e  i n  any direc- 

t i o n  and get an  E q u a t o r i a l  d i r e c t i o n  or  a Polar a n g l e ,  or 

any o t h e r  o rb i t .  Being on the Equator you are simply related 

t o  r o t a t i o n a l  motion of the  earth,  and you can pick f i r i n g  

t i m e s  so t h a t  when your launching spot can  be a t  the in t e r -  

s e c t i o n  of t h e  ecliptic w i t h  t h e  Equator a t  t h e  t iae you 

want t o  f i r e  so t h a t  you can p r o j e c t  i n t o  t h e  p l ane  of t h e  

solar system if you want. 

Simply, t h e  o rb i t  of the  moon crosses the  $quator 

i n  t w o  p l a c e s ,  and you can w a i t  u n t i l  your launching s i t e  

- -  - . .  
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comes around t o  the s p o t  where at that moment the tuoonfs 

o rb i t  crosges and p r o j e c t  your vehicle out i n t o  the p lane  

of t h e  moon. T h i s  is w h a t  I mean by f l e x i b i l i t y ,  

Q Dr. Sanders ,  app rox iga te ly  how many m i l l i o n s  of 

m i l e s  are rep resen ted  i n  t h e  e l l i p t i c a l  p a t h s  t h a t  take 151 

and 247 days? 

A The closest approach t h e r e  between Venus and Ea r th ,  

I t h i n k  t h e  d i s t a n c e  is around 24 m i l l i o n  m i l e s ,  That is tke 

s t r a i g h t  d i s t a n c e .  I have t o  w k e  a l i t t l e  c a l c u l a t i o n  i n  

my head t o  do t h i s .  The e a r t h  is 93 m i l l i o n  miles from t h e  

sun ,  so we could  say  t h a t  probably you could r e p r e s e n t  t h a t  

by a circle whose r a d i u s  is, l e t  u s  s a y p  ‘93 minus a h a l f  -- 
l e t  u s  make i t  about 80 mil l ion  m i l e s  as t h e  r a d i u s ,  

Therefore ,  i t  is 80 m i l l i o n  m i l e s  times p i ,  or 240 m i l l i o n  

m i l e s .  

Q Half of  t h a t  t o  go from t h e  Ea r th  t o  Venus? 

A I picked a r a d i u s  t h e r e ,  so mul t ip ly  t h e  r a d i u s  

by p i ,  which is h a l f  a l ready .  

Q About 120 m i l l i o n  or 240 mi l l ion?  

A 240 m i l l i o n ,  roughly,  t o  Venus. 

Q And about  what f o r  Mars? 

A Y e s ,  l e t  is more for  Mars. Mars corns w i t h i n  about  

36 m i l l i o n  m i l e s  t o  e a r t h .  It  would be about  350 m i l l i o n  

miles. This  is a rough calculat ion.  

Q This  is t h e  d iameter  of t h e  o r b i t ?  
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A I t  is half-way around the c o m p l e t e  el l ipse.  

Venus is i n c l i n e d  about  3 degrees, Mars is p r e t t y  

close t o  t h e  s a m e  plane, 

Q A r e  p l a n s  afoot now t o  make launches  o r  t o  t r y  t o  

make launches  i n  t h e  first h a l f  of 1959 and i n  1960 for Venus 

and Mars r e spec t ive ly?  

A . I d o n ' t  know what i t  is t h e r e .  

Q TQ r e t u r n  t o  Canaveral ,  what  is the  optimum ang le  

of launch? We read  apropos t h e  PIONEER t h a t  there w a s  a n  

error of 4 degrees  or something i n  t h a t  o rde r .  

A Do you mean optimum a n g l e  t o  reach t h e  moon? If 

t h a t  is what you are t a l k i n g  about ,  I d o n ' t  know t h e  answer 

t o  t h a t .  

Q The s t o r y  was t h e  v e h i c l e  encountered excess ive  

g r a v i t a t i o n a l  p u l l  which reduced its v e l o c i t y  by, I t h i n k ,  

somewhere between 300 and 500 m i l e s  a t  t h e  c r u c i a l  stage. 

A I t h i n k  there were a combination of t h i n g s  t h a t  

have not  been s o r t e d  out., I t  w a s  not j u s t  one i t e m  t h a t  

caused t h a t .  

Q I a m  t a l k i n g  about  a theoretical f l i g h t  now. 

There must be a n  optimum ang le  t h a t  you could work ou t  i n  

celestial  mechanics. 

A Y e s ,  and i t  is set by t h e  i n c l i n a t i o n  of t h e  

o r b i t  

Q Do you know whether w e  have hardware on t h e  s h e l f  

" - . _  _ -  . . .  .. . - . - ~  - ....._....___I .... " ..... ~ 
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that could be adapted i n  a pear and a half t o  approach Venus 

and Mars? 

A Yes, essentially the booster equipment is capable 

of it right now. 

Nfn, BONNEY: Gentlemen, we have had a full hour of 

it, If you would be interested we can try to arrange one of 

these at a later time in the next two or three weeks and take, 

another crack at trying to educate ourselves, 

I want t o  thank these gentlemen, and then I might 

go completely off the record just 60 get into a couple of 

logistics for this evening, 

(The Press Conference was concluded at 11:OO a.m.) 


